Abstract. According to the nonlinear function of relative power function order, the uncertainty function is classified as one order relatively bounded and two order relative bounded and higher relative bounded situation. Then in view of the above three categories of uncertain nonlinear system, PID control law is designed by choosing Lyapunov function, the stability of the system is analyzed, and the relationship of PID parameters and the system stability is proposed, and also the system anti constant interference ability is studied.
Introduction
Nonlinearity and uncertainty have always been the two difficult problems in the field of control theory [1] [2] [3] [4] . And PID control algorithm is the most widely used algorithm in industry and military applications. And for the measurement of the degree of nonlinearity, there is no good theory to measure [5] [6] [7] . Considering that we can distinguish the control complexity of the nonlinear function according to the order of its power function. Therefore, according to the order of nonlinear functions, nonlinear systems are divided into a relative one order, relative to the second order and relative high order situation [8] . and respectively in accordance with the PID control law design, stability analysis, and the anti-interference ability for the constant interference of the system are studied. Finally, the relationship between stability and control parameters selection is given, which is very meaningful to control engineers.
Design of the Chip Kick Mechanics
To make the main idea of this paper more easy to understand, a kind of simple first order nonlinear system is taken as an example: 2 2 sin( ) sin sin l w r R φ θ θ φ
Where x is system state, and F is constant disturbance. And the control object is to design a controller such that the system state can track the desired value d x . But the main purpose of this paper is to show the performance of PID controller when the nonlinear system is affected by constant disturbance and how to calculation related specifications.
So the complex problem is divided into three situations. First situation is that the nonlinear system is bounded as follows.
Analysis of PID Control for Bounded Nonlinear System with Constant Disturbance
First situation is that we assume the nonlinear function in system model is bounded, then it holds 
Define a Lyapunov function
So because of the boundedness of nonlinear function, define
, then the above system can be stable for a small p k , but there may be steady state error exists.
Analysis of PID Control for Related First Order Bounded Nonlinear System with Constant Disturbance
So the second situation is considered for the related nonlinear systems. Then we assume nonlinear function satisfied
, and design a PID control law as
Since
And define a Lyapunov function as
Then the system is stable if
. Also there is steady state error according to the proof process. But the below simulation result shows that there is no steady state error, so the above proof is conservative. The below simulation is done with a example that
, and the simulation result is shown as below figure 1. 
Analysis of PID Control for Related Second Order Bounded Nonlinear System with Constant Disturbance
The third situation is considering the system is second order bounded as 
Also choose a Lyapunov function as
Then the system is stable and bounded, and its stable interval can be calculated as 0 ) ( 2 2 2 1
Then 2 1 ) (
So we can make a conclusion that the proportion coefficient determine the system stable range. So if the system is nonlinear and uncertain, it is meaningless to design a global stable control law, but if we design a bigger proportional coefficient, then the system has a big gain, and the system will has a bigger stable interval.
Analysis of PID Control for Related High Order Bounded Nonlinear System with Constant Disturbance
If we consider a high order related bounded situation for nonlinear system, such as 
Then it holds:
Use the same method, it also easy to get 
It also shows that if the gain is bigger, then the system will has a bigger stable range.
Conclusions
Complex nonlinear systems are divided into related first order bounded system, related second order bounded system and related high order system three kinds of situation. Then PID controllers are designed according to above three situations respectively. Also the anti-disturbance ability is analyzed by using Lyapunov stability theorem and the parameters choosing method for PID controller is proposed, which is very meaningful for engineers to design a controller not only for simple first order systems but also for high order uncertain nonlinear systems.
